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ABSTRACT OF THE DISCLOSURE

A supporting system especially for maintaining trans-
mitting and receiving coils of an airborne electromagnetic
prospecting system in precise null coupling with each
other. The transmitting coil is fixed to one end of an
elongated supporting tube, and the receiving coil is sup-
ported by a gimbal inside the tube at the opposite end.
Two pairs of mutually orthogonal taut wires extend di-
agonally inside the tube from the gimbal to a bracket fixed
to the tube near the transmitting coil. By optimizing the
spacing of the wires, it has been found that noise voltages
induced in the receiving coil due to deformation of the
tube can be reduced drastically.

——— T

This invention relates to supporting systems for main-
taining two or more devices in a highly accurate, spaced
apart, predetermined angular relationship with one an-
other, and in particular to an improved supporting system
for maintaining transmitting and receiving coils used in air-
borne electromagnetic prospecting in precise null coupling
with one another,

A major problem in airborne electromagnetic prospect-
ing apparatus of the kind employing a continuously en-
ergized transmitting coil and a receiving coil spaced from
the transmitting coil has been the maintenance of constant
coupling between the transmitting coil and the receiving
coil. Relative movement of the two coils causes a varia-
tion of the coupling between them, and this results in
undesirable electrical misorientation noise that limits the
sensitivity of the system. Misorientation noise can be
eliminated by measuring only those components of the
received field that are in “phase quadrature” or 90° out
of phase with the transmitted field. A disadvantage of
this approach, however, is that considerable information
is lost by neglecting the real or in-phase components of
the transmitted field. In order to measure such compo-
nents it was heretofore considered necessary to secure the
transmitting and receiving coils to a support that was as
rigid as possible. In typical prior systems, the transmitting
and receiving coils were secured to the ends of the wings
or the fuselage of an aircraft, or in the case of a helicop-
ter, to the ends of a rigid boom towed beneath the heli-
copter or attached to its underside. Despite careful pre-
cautions, however, some flexing of the wings, fuselage or
boom is inevitable, and this causes minute changes in the
orientation of the coils. While rigidity may be improved
by making the supports heavier, weight is a limiting factor
particularly in thec ase of light aircraft such as helicop-
ters.

In the present invention, the transmitting and receiving
coils are supported by a comparatively light, thin-walled
cylindrical tube or other lightweight support. The trans-
mitting coil is fixed to one end of the tube, and the re-
ceiving coil is secured to a pivotable support (such as a
gimbal) positioned within the tube at the opposite end. At
least one and preferably two pairs of taut wires are at-
tached to the gimbal, and they extend diagonally inside
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the tube with their opposite ends terminating in the vicin-
ity of the transmitting coil. The transmitting and receiv-
ing coils are in null coupling. It has been found that if
the spacing of the wires at one end compared with the
spacing of the wires at the opposite end is adjusted to
an optimum value, the transmitting and receiving coils
are kept in precise null coupling despite moderate bend-
ing of the tube in flight. In effect, the taut wires replace
the comparatively heavy supports heretofore used for keep-
ing the transmitting and receiving coils in constant cou-
pling.

The invention is applicable not only to geophysical pros-
pecting systems of the kind described above, but also to
supports for flux gate elements of a flux gate magnetom-
eter, supports for mirrors used in optical systems such as
multipath optical sample cells and laseér systems, and in
general systems requiring the precise and stable support
of other devices.

Preferred embodiments of the invention are illustrated
in the accompanying drawings, wherein:

FIG. 1 is a perspective view of a preferred form of
the invention embodied in a “bird” being towed by a
helicopter,

FIG. 2 is a perspective view, partly broken away, show-
ing an end of the bird adjacent a transmitting coil,

FIG. 3 is a perspective view, partly broken away,
showing the opposite end of the third adjacent a receiving
colil,

FIG. 4, is a diagrammatic sectional view showing the
arrangement of wires within the bird,

FIG. 5 is a graph showing noise voltage due to de-
formation of the bird (referred to as misorientation noise
voltage), as a function of wire spacing,

FIG. 6 is a graph showing measurements made with a
prototype of the invention over a known ore deposit,

FIG. 7 is a perspective view, partly broken away, of
another embodiment of the invention,

FIGS. 7a and 7b are diagrammatic views showing the
operation of the embodiment of FIG. 7.

FIG. 8 is a perspective view, partly broken away, of
a further embodiment of the invention, and

FIGS. 8a and 8b are diagrammatic views showing the
operation of the embodiment of FIG. 8.

Referring to the drawings and in particular to FIG, 1,
a supporting system according to the invention is housed
within an elongated hollow supporting structure 1¢ or
“bird” which is towed beneath a helicopter 11 by any suit-
able means such as a boom 12 fitted with canvas belts 13
encircling the bird 10 and a plurality of heavy elastic
shock cords 14 connected to the boom 12 and to a steel
cable 15 extending from the helicopter 11. The shell of
the bird 10 is constituted by a long, thin-walled rigid tube
16 of fibre glass wood, or other non-conductive rigid ma-
terial. The forward end of the bird 16 is provided with a
bullet-shaped cap 22, and the trailing end is fitted with a
drag cone 59 to provide stability in flight. The cable 15
is located at about the center of gravity of the bird 10,
the nose of the bird 10 being slightly heavy in flight,

A transmitting coil 17 is fixed rigidly to the outside
of the leading end of the tube 16. At the opposite end
of the tube 16, an electrostatically shielded receiving coil
26 is supported inside the tube 16 on a gimbal 18.
Extending between the gimbal 18 and the transmitting coil
17 is a plurality of taut, diagonally extending wires 19,
which are fixed at one end to the gimbal 18 and at the
other end to an annular bracket 40 fixed to the inside wall
of the tube 16.

The transmitting coil 17 is rigidly attached to the tube
16 by means of an annular bracket 20 and four equi-
angularly spaced radial struts 21. The bracket 20 and the
struts 21 are of plywood or other rigid non-conductive
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material, and they are glued to ths tube 16. Circular open-
ings are formed around the periphery of the bracket 20
to reduce weight. The end of the tube 16 adjacent to the
transmitting coil 17 is closed by means of the bullet
shaped cap 22. It is convenient to place a transmitter
(not shown) for energizing the transmitting coil 17 inside
the cap 22 and in order to cool the transmitter an air
inlet scoop 23 and an air outlet 24 are formed in the
cap 22. The transmitter may be connected with electronic
equipment and with batteries or other power sources in
the helicopter by means of an electrical cable 25.

The gimbal 18 consists of a central support plate 27
having legs 28 which are attached to the tube 16 by any
conventional means. The outer ends of the legs 28 are
cushioned by foam rubber pads to isolate mechanically
the gimbal 18 from the tube 16 and thereby to reduce
the effect of shock and acoustic noise on the receiving
coil 26. The support plate 27 has a rectangular cut-out
portion 29 within which an inner gimbal bearing block
30 is securely fixed. An inner gimbal ring 31 is pivotally
attached to the gimbal block 30 at diametrically op-
posed points, and is also pivotally attached to an outer
gimbal ring 33 upon which the receiving coil 26 is sup-
ported. It is preferable to separate the receiving coil
26 from the ring 33 by a layer of foam rubber or silicon
rubber to further isolate the receiving coil 26 from shock
and acoustical noise. A transverse annular bracket 34
having four radially extending legs 35 is positioned at
right angles to the receiving coil 26 with the legs 35
bridging the receiving coil 26, and the bracket 34 is
secured to the outer gimbal ring 33. The annular bracket
35 provides anchorage points for the ends of the taut
wires 19. The above arrangement permits the receiving
coil 26 to move about two mutually orthogonal axes
each of which is orthogonal to the longitudinal axis of
the tube 16.

The taut wires 19 are connected as follows. Each leg
35 of the bracket 34 is provided with a short rectangular
mounting block 36 having a wire attachment means at one
end, such as an upturned portion 36a constituting a hook.
Each block 36 is slidable longitudinally within a rec-
tangular opening in the corresponding leg 35. Loops 19a
arc formed in the adjacent ends of the wires 19 and are
individually slipped around the hooks 36a4. A small pinion
37 is fixed to the outer end of a shaft 374 having a
threaded inner end (not shown) and the pinion 37 is
adapted to be rotated by a worm gear 38 having a screw-
driver adjustment slot in its outer end. The threaded
portion of the shaft 37a is threaded into a threaded bore
(not shown) of the block 36. Rotation of the worm gear
38 causes the threaded portion of the shaft 374 to rotate,
thereby causing the block 36 to move inwardly and out-
wardly in the direction of the longitudinal axis of the
tube 16, depending upon the sense of rotation of the
worm gear 38. In this manner the tension of each wire
19 can be varied as desired, Small openings 39 aligned
with the worm gears 38 are provided in the wall of the
tube 16 to permit tension adjustments to be made from
outside the tube 16.

The wires 19 extend diagonally through the tube 16.
The wires 19 on opposite sides of the bracket 35 con-
stitute a pair, and it will be noted that each pair of
wires 19 lies in a plane that is orthogonal to one of the
axes of the gimbal. The wires 19 of each pair cross at a
point intermediate the receiving coil 26 and transmitting
coil 17, and they are terminated in the vicinity of the
transmitting coil 17 in the following manner. An annu-
lar bracket 40 is fixed to the inside wall of the tube 16,
and is provided with four cross arms 41 each having elon-
gated slots 42, A rectangular wire attachment bracket
43 is slidably positioned within each slot 42, and the posi-
tion of the bracket 43 is controllable by rotating a thread-
ed rod 44 having a slotted end 44a which protrudes
through the wall of the tube 16. Each bracket 43 has a
threaded bore in the outer end (i.e. the end nearest the
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cap 22). The threaded rod 44 extends through each of
the threaded ‘bores. The location of each bracket 43 is
adjusted by turning the associated slotted end 44a with
a screwdriver. Rotation of the rod 44 causes the bracket
43 on the associated rod 44 to move radially inwards
or outwards, depending on the sense of rotation of the
rod 44. Thus, the spacing of each pair of wires at the
transmitting coil end of the tube 16 can be adjusted as de-
sired.

It is important that the gimbal 18 should be balanced
accurately both statically and dynamically. A counter-
weight 45 is attached to a bracket 46 secured to the gim-
bal 18, to compensate for the force on the gimbal 18
due to tension in the wires 19.

The receiving and transmitting coils are initially aligned
so that they are in null coupling with one another. It has
been found that the null coupling condition can be main-
tained to about one second of arc or less despite moderate
bending of the tube 16 (e.g. of the order of a minute of
arc) by adjusting the ratio of the spacing of the wires 19
to an optimum value, as follows. Referring to FIG. 4, one
pair of connecting wires 19 is shown extending between
points A, B, C and D. The receiving coil 26 is pivoted
about an axis 26a, and it will be noted that the plane of
the connecting wires 19 is orthogonal to the axis 26a of
the receiving coil 26. In order to determine the optimum
spacing, the ends of the tube 16 are supported above the
ground and a weight (e.g. about 50 1bs.) is suspended
from the tube 16 to cause it to deform. Then, while main-
taining the spacing CD constant, the spacing AB is varied
and the voltage appearing across the receiving coil 26 is
measured. FIG. 5 shows typical curves that are obtained
from measurements made in this manner. It is important
to note that there is a particular spacing ratio AB/CD at
which the real and quadrature misorientation noise volt-
ages attributable to the deflection of the tube 16 are both
very nearly zero. By means of this arrangement, the elec-
trical axis of the receiving coil 26 is kept very closely per-
pendicular to the flux surfaces generated by the transmit-
ting coil 17 despite moderate distortion of the tube 16.
The receiving coil 26 does move when the tube 16 is dis-
torted, but the motion is such that the electrical axis of
the receiving coil remains perpendicular to the flux sur-
faces (i.e. in null coupling with the transmitting coil).
The optimum ratio of the distances 4B/CD is most easily
determined experimentally since the exact geometry of
the flux surfaces is difficult to measure, In a prototype
which has been flown successfully it was found that the
best results were obtained when the spacing of the wires
at the receiving coil end was twice the spacing of the
wires at the transmitting coil and (i.e. the ratio AB/CD=
1:2).

It has been found that the spacing and location of the
supporting points for the tube 16 has a bearing on the
misorientation noise induced in the receiving coil 26.
Accordingly, before optimizing the spacing of the wires
19, the spacing and location of the canvas belts 13 (which
are used to secure the tube 16 to the boom 12) are ad-
justed with the tube 16 under a distributed load so as
to minimize the misorientation noise output of the receiv-
ing coil 26.

In FIG. 4, only two connecting wires are shown, and
the receiving coil 26 is shown as having only one direc-
tion of movement, namely about the pivot axis 26a. This
simple arrangement provides most of the required com-
pensation for distortions of the tube 16 which otherwise
would cause deviations from the null coupling relation-
ship between the transmitting and receiving coils. How-
ever, it has been found that markedly improved results
are achieved when an additional set of connecting wires
19 is provided at right angles to the former set, and the
receiving coil 26 is mounted on a gimbal or other sup-
porting means which permits it to pivot about an addi-
tional axis which is orthogonal to the axis 264, both axes
being orthogonal to the axis of the tube 16. The plane of
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the second pair of wires is orthogonal to said additional
axis. The improved results obtained with the additional
pair of wires apparently is due to the fact that the elec-
trical axis of the receiving coil is not in general exactly
coaxial with the mechanical axis of the receiving coil, so
that it is necessary to permit the receiving coil 26 to pivot
about both of the gimbal axes to maintain null coupling
between the transmitting and receiving coils.

In order to achieve optimum results, the supporting
system should be designed so that the wires 19 have the
highest tension, lowest mass and highest natural resonant
frequency. The supporting system works best at highest
tensions, but of course there are limits to the tensions that
can be employed due to the strength of the wires-and the
size of the gimbal bearings. The tension of the wires 19 in
a prototype of the invention was 60 Ibs. This was found
to be satisfactory, although it is proposed to use even
higher tensions in the future. At the same time, the fre-
quency of wire resonance should be kept high, for exam-
ple above about 15 cycles per second, and the mass of

e wire should be kept low. The tensions in all the wires
19 should be equal. A preferred material for the connect-
ing wires 19 is cold drawn heat treated invar wire of 0.035
inch diameter. The mass of the receiving coil 26 and the
mass of the moving parts of the gimbal should be kept
low.

While the tube 16 should be as rigid as possible, it will
be understood that with the present invention tubes or
other supports that otherwise would be completely un-
satisfactory can be used to great advantage. A preferred
tube 16 was constructed of fibre glass of 949" wall thick-
ness, 12" inside diameter and 30’ length. A tube con-
structed in this manner weighs only about 182 pounds.

Although the description above has referred to a trans-
mitting coil having its axis coaxial with the axis of the tube
16 and a receiving coil having an axis orthogonal to the
transmitting coil axis and to the longitudinal axis of the
tube 16, it will be understood that other null coupling
configurations of the transmitting and receiving coils can
be employed, as desired. Furthermore, an additional re-
ceiving coil can be supported on the gimbal 18. In this
case, both receiving coils would have axes orthogonal to
the axis of the transmitting coil, and the axes of the re-
ceiving coils would be mutually orthogonal as well.

'FIG. 6 shows an electromagnetic profile recording made
over an ore body known as the “Whistle” deposit, near
Sudbury, Ontario, Canada using a prototype of the ap-
paratus described above, The graph indicates the re-
markable low noise characteristics of the present sup-
porting system.

The embodiments of FIGS. 7 and 8§ employ two gim-
bals instead of just one. Before the above described sup-
porting system was developed, a two-gimbal system was
constructed. A transmitting coil was carried by one gim-
bal and a receiving coil was carried by the other. This
arrangement was found to be less satisfactory for air-
borne use than the above described single gimbal system,
as the former was less rugged and more difficult to adjust.
However, the two-gimbal system appears to have con-
siderable merit for laboratory use and other applications
where the forces acting on the system are not as severe
as they are in an airborne application. Preferred examples
of two-gimbal systems are shown in FIGS. 7 and 8.

The supporting system of FIG. 7 includes an elongated
hollow tube 47, a first gimbal 48 adjacent to one end
of the tube 47, and a second gimbal 49 adjacent to the
opposite end of the tube 47. Each gimbal 48, 49 provides
freedom of motion about two mutually orthogonal axes
each of which is orthogonal to the longitudinal axis of
the tube 47. The gimbal 48 includes three concentric
rings, namely an inner ring 50 that is pivotally secured
to an intermediate ring 51 and an oufer ring 52 which
pivotally supports the intermediate ring 51. The respec-
tive pivot points or bearings of the gimbal rings 50 and
51 are mutually orthogonal, and a tube 53 extends
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through the inner ring 50 and is fixed thereto. One of
the devices to be supported is secured to the tube 53.
The gimbal 49 is identical to the gimbal 48 and it is also
provided with a tube 54 identical to the tube 53. The
other device to be supported is secured to the tube 54.

Brackets 56, 57 are respectively fixed to the inner
ends of the tubes 53, 54, Each bracket 56, 57 is formed
with a central cylinder socket for receiving the end of the
associated tube 53, 54, and each bracket 56, 57 is respec-
tively provided with a set of three equiangularly spaced
radial arms 58, 59. At the ends of the bracket arms 58,
59 suitable fasteners are provided for attaching the ends
of taut wires 55 to the arms, and the fasteners on one of
the brackets are adjustable to permit the tension in each
wire to be varied individually. The arms 58, 59 of both
brackets 56, 57 are aligned with one another, and three
taut wires 55 are respectively strung between aligned
bracket arms 58, 59 so that all three wires 55 are mutually
parallel. This arrangement can be used where a small
displacement of the supported devices is permissible
provided that the axes of the devices remain parallel.
FIGS. 7a and 7b show the effect of moving either one
of the tubes 53, 54 from its normal position; the other
tube “tracks” with the former one so as to maintain
parallelism of the respective axes of the tubes 53, 54.
Only two wires are necessary to give parallel motion, but
a third wire is preferred as it adds stability to the system,
This supporting system could be used, for example, for
supporting the flux gate elements of a flux gate magnetom-
eter, and mirrors used in multipath optical sample cells,
and other optical devices.

The embodiment of FIG. 8 is identical to the embodi-
ment of FIG. 7 except that the wires 55 are strung diago-
nally and the brackets 56, 57 are aligned so that each
bracket arm 58 is diametrically opposite a correspond-
ing bracket arm 59 on the opposite bracket. This arrange-
ment provides inverse tracking of the tubes 53, 54, as
shown in FIGS. 8a and 8b.

What I claim as my invention:

1. A supporting system for maintaining a transmitting
coil and a receiving coil of a geophysical prospecting sys-
tem in a highly accurate, spaced apart, predetermined
angular relationship ‘with one another, comprising:

rigid elongated supporting structure means having a
longitudinal axis,

said transmitting coil being fixed to said structure
means,

a gimbal having freedom of motion about two mu-
tually orthogonal axes each of which is orthogonal
to the said longitudinal axis of the structure means,
said gimbal being spaced longitudinally from said
transmitting coil and said gimbal being adapted to
support said receiving coil in null coupling with said
transmitting coil, and two pairs of taut wires extend-
ing diagonally between said transmitting and receiv-
ing coils, the wires of said pairs being secured to
said structure means near said transmitting coil and
being secured to said gimbal at their opposite ends,
the wires of said pairs respectively being positioned
in planes which are orthogonal to said orthogonal
axes of said gimbal.

2. A supporting system as claimed in claim 1 wherein
the ratio of the spacing of said wires at their ends adja-
cent the transmitting coil relative to the spacing at their
ends which are secured to said gimbal is 1:2.

3. A supporting system as claimed in claim 2 wherein
said structure means is an elongated thin hollow tube.

4. A supporting system as claimed in claim 2 wherein
said gimbal is balanced both statically and dynamically,
the tension is said wires is at least about 60 1bs., and
said gimbal is counterbalanced to compensate for the
tension in said wires.

5. A supporting system as claimed in claim 2 wherein
the tension in each of the wires is manually adjustable.

6. A supporting system as claimed in claim 2 wherein
the spacing of the wires at one end is adjustable.
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7. A supporting system as claimed in claim 6 wherein
the gimbal is supported on rubber pads and the receiving
coil is separated from the gimbal by a layer of rubber
to reduce the effect of mechanical shock and acoustical
noise on the receiving coil.
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